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ABSTRACT : PROBLEM TO BE SOLVED: To obtain an optical waveguide circuit into which an optical 
waveguide is easily written in spite of an intricate shape. 

SOLUTION: A glass material 20 exhibiting a nonlinear optical effect is formed as a base 
body or as part of this base body and the part changed in refractive index by irradiation 
with the condensed beam of a laser beam Is formed as the optical waveguide 25 in the 
base body. Oxide glass, halide glass, sulfide glass, chalocogenide glass, etc., are used as 
the glass material 20. The optical waveguide 25 is branched to, for example, a two-forked 
shape and the one branched optical waveguide 25 is formed within the glass material 
exhibiting the nonlinear optical effect. As a result, the optical switch of high 
responsiveness built into an optical Kerr shutter type switch, Mach-Zehnder type switch, 
directional coupler type switch, etc., Is obtd. 
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m 1 im^^mmm^, 

^^ifrLXmytt lXM'0\^t^A->^^-y^^^ -y 

[if 5 ] Alt L7i L . ^fi^^^S 
fii.ffi> 7h*:-¥-;c, W^>y Vz:^-x.X\'-^^\'-^Wi^± 

mi5<^Mm%^z?^m^ixtz^&^~Ybm^\^. M^- 

-/ ^\.zi5\^X . 1 - 3 c7)1sift*HclEl£i7)7t^?S[Hl 

[0001] 

[0002] 

■yf-1 0{±. HI iZim.mz^-tiioi,Z^ ■|iM4S:S^-> 
(Cia3<$-ti-/i;?' o:^-r7yHdS-C'fi3ti^ l l mf^^ 

1 2^i£SL. :^'yx^)vs>^{,zmx^ivtzzmmmm 
<r>^mmmtfi^mm. is^m^^i 1 tit 

5fe?l 2tc7)P^t2^S$-<i:ti^2.. AlJ3t (T^o-y 
crym^X'M. 1f—hrvV7.P^ ifi?^hXy>^hmfz» . 

1 3 <r>m^^^nz i -^xmnmmz^ir> ^cd 



[0003] «i7^i 2^mmrhy^~r%Pi (tm 

3tPi <7)iii§*T{i:, Toe sin2(n2B L I 

m. Uitj-mn\3(r)^^. I,( = 4P,/;rD2){iy' 

■f-x'it. \^^'^m.m.cr>mM.m^i^ir^tt)^mu^ixx 

mmut Lxm^-^hztii. ^mm^^m^sne^co^m 
mmm^^m'^x'i>. ^tii^xttztt^h 

^:^'y7.m^mv^x±mm'k^mrfhvt^(7ynmx 

[ 0 0 0 4 ] ■^y^m&x'hi. tz t tif^mm.(^7. 0 
■yh^mm^^^^'yxmi^mmmizAg* -(^y^m^ 

^mthw. 1 WLcr>Mty^[zx ^mmm\<zmm^^m 
^LtzW:. ■^yxmsL\.zi^tj:^^fr^ma\^xm&.m.^ 

ON a* ^■^y^ij'yXmm^zm.K^^X\>-^h. Na* 

-i^yii. As* -< ^yijm^Ltz&mmcommimm 
immriz^m$-±^. ^<^m. mmw:^'yxmm 
Ti^zmibjLttL. i&B:mm^nmm^^n^. ^<^->5 
'&x\m.^i\fz')imim(r>^rmt. as. 
— 2 0 0 /X m<r>^n%x\i\mvm<mm^^^ , 1 % 

7i-8f t:: J: 0 'J n Kc7)McTi5' 9 >/ FfflSl^^ r 
X'^^l-m-kmfiiiyJMiz^m'h. l^v^X'.. 7*h 

'J Vi?-'^^ ^mfWi&>&.-^y^y^\,z^'^Wf^^-y 

[0005] 

[^HJ^^M^LJ: 0 i:-r-i.iF>S] t^*SfO^^^?^5t^ 

:^y^\<zi.->xmtsxm'Timmm^ixhfzif>. jb^s 
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[0006] mil. ^mayii^mmizj: i>i^ut. m 
±\s.^b-t^^'^:^mmzmux^. tfz. mmmmz 

imLtim.nTi:^yxmiziXM^^Zbi}^h. Vm<7) 

mm^i.-y%mmw\m)fmmx'hh. st-. !km\ 
i^^mmx'i,. >f^>-3e^.fti;i5itt(c. ^iXitmz^^ 
^h^ixfzm-^m'Bm-h^bijmmx'hi. 

0 . 4mm^<^±^^j:ijyxmA<r)[HW>X'V-^^cr)m 

^^.^rnnrnz^m^^hz t\.z^*). mmm^it^ h 
tz>oi-mm.^-{t7::(iyxmm)[^mzmz^'^. mm^ 

< . 'Z^wm^coytmmumimzjfm^irtzyem^mi 

[00 0 7] 

tzx-yxmmmi^^t^^rz^^ij^^^^t ixmi^ 
fHmzm^-^ixxv^hzt^nmt^^ , :(f^xnfAt 

mmmm%^M^^-thA'77.mA(^nmzm^^ 

[00 08] 

m. Lfz^mmmity^ ^ y >- ^^im^z-yx -^xm^m^ 
uz^^M. ^^mizmiti. ^^mz^'.fz^m^m 
ti. \y—^^(r>m^mizx 'o^mmm\:Ai:^'yxmA 
<^)p^^i,zm^Lxm^^iix^-^^, zcoxoizytmmm 

A ■■,^m(nim^m^wfi^m.z\>m^ixh. 

ivtznme±^mt. 3t;*->-r y^X^ y^. ^ y 

[0009] 4m.m^'^m.m<^^m^^i'mthfz 



ijyX. ^il^ayi-^ ]^/fyxm. 8 i7)^}fW>i$ffl 
-^mX'h ^ . E-ilR^mmitcoiz ^ ^Effi;^' yxttx 

i: LTtiG a-La- S^. Ge-S^^. na^rV-ft 

LT(4B e ^. Z r F, ^. I n F3 
^. Cd-Zn-Cl^#, Ti^/my'-^-f h-^y^^^Cti 
As-S^, As-Se^, S i -Te^^ti'^hl. 

[0010] ^wMiz^^fz^mmm. m^mmifim 
^nmm^'^i>zti,z^'omM^ixi>. mm^ui.. 

112 t'^WtCS-ti 0 iZ. 1 

mz-mt^.23^m.^^h . zayW^^^^-^HyX 

^S&2 4 . 2 5 i: LTiK jlg!L?^cJgf;f^^'fLfflW*' 
7X^Jf42 0i7)F^gP(cf^BJt$ix§. m^,'ii2 3<0fflW 
mz\i. fz):.7MV-^^2\<nm%Js^23\znLXii 

yy.mm2o^wm^ziS'm^^h-yy^, ijyyM^2 

-Him^mt^^ixh . ijyxmA2Qi<nnmzm^'^ix 
h^ii2mm\t. msL^,23<r>miimi\.z'^\^x^uzvk. 

l^^ixh , fz h Uf, 2 3 *r-:^[S](cffi^f^^«)$ 

-ti-^h, m3^Z7r^-tim^2Atm^^tlh, ttz. 

[0011] m^m.m^mni. t-i7yN-v-?tg*i 
M.(7^i.—^%t'i%i>:iti,mmMX'mmx'h^. .ict)* 
m^-thzt^zi^^mx-^h, tzfzL. ^vvyAWu 

t % . :fi'yxitim(r^\>^mz^mix^ 

[00 12] 

m-mi. ^mmtf^m^ittmiixxio^ . p. ce, 

G e^$ri?JPt/^i^ U :^:;^'yX<7ymb^'m'^ixXV^h, C 
-5 TK«XPigiO-a3*J«5t^-fk^|. C >: i^zimth t # 

X'<m^ifm^hixx\-^^ . L*^L. 

il^S 1 0 k H z *iSOffiV LJlliSfiCT' 

hhfz^. +5)-=5:x :t>yU^- a: SlStai^^t:-^ I. i 
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[00 13] t:i^X\ ^N'/UXL— -fc7).A7l->?.itlStJ^< 
;^ f 7t*rfiSffl tr €> , 1 0 k H 2 l;j±ir>f^M im^ 
S&lfjt r B^-r I) .HI' -^/ux c 2 V NVi/Xji^"^ 

±, u < 1 0 0 k H z i.:Uit2i§^ ^-7^ . Hue L fsi 
1 0 0 1 4 ] Lm^(r)±mii. mm±<^)m o t: < 

{i;?? ^x«t4^ji^fi^t:ffi**T^IH--l. ^ i: J: 0 , .^it 

mxiiu~^^c^miL^cr)M^mm<^^z'c izx 
n , :^'y^nmizn tx \^-^^^mf^Mix-^ h . l 

*^ L . ^ 1 > VV7J^mz—'^(rm^^ ii\-^XW.2' ^71-- 
:xifiW£-^f:t\mx^m^fi^fz^, mi ^Vl^XT-m 

[00 1 53 i mac7)®^jc^l#ofc.^ 

^ ^ t *»4> . Alt t/:: v-'f%<r>m.'m.<r)m'mM^ 

ifmv^m(^%m^mzmrcz\^h. Lf::if->x. nmm 
%m^^-mf^f\.^m^fztYw&^^mm.^^'L^t lx 



tiiMmX'ht. 
[0016] 

immm] 

P bO : 1 0^:;k%. T i O2 :10^:/U%, TeO 

mmximmx 1 Om.m.cr)±1jWfB^<^U^h^^^^ 
hfz . A r v—^mm(D^^ y^yr^rv 

m^ivtzf^ivx^ 1 5 0 f s , mm 2 o o k h 

z, M:gO. 8/zm. Tl^tB:^^ 0~5 0mWWNVU;?, 

{2*3L^*>'{4«-ri, J: 0 {zmmLxum.i^^mMLtz. 

mf^iz--fj\p[\,zim^m^^h^ uzx^. wm^<r>n 
:xAz\M.m.(r)mm^mm^, -tt£i>hm.im<r)^^ 

^c?-> V -^'m:w^mz^M L , mm^mt ^mz lx 
V ^i>t&TtyyMz-m^Bm^ixx\<^h z t ^kwmt^ ^ t 
{zii<)msx'^fz, itz. ti!,mmcojS.mmii^i^^m^ 

< > i^Mim^mza^^x^yyji-^- vimti<^ 
^itx^^^^zttrnmuz, 

[0017] Wlz. m&ib^m'^j:t'r)l-y^ h:^'y:^'^. 

'J f}:^'yx, G e F -r Lfz ')ij^iiy 
X. y)yWM:fiy:^, d^'^^tsXf^x, y-vim:^'y 

^xccouT t , nmtcv—^WAi^z^ -> x%mm^ 
ivfz. m^-th^itvyxa^mmmk^ 

Lh:it\z^^nr''&(r>-x%^-hmm^^x:^')fz. :l 
CO J: 0 iz Lxm&^tLtzXmmm. ^rh^y-^Yh 

[0 0 18] ^M2 :-7 yVN-^j:yr-^ji:X^-y 

i^^64o^;^^3^>i^/i^3 l~3 4rfflSL, 

m\t<r>±^ Kcmm^mm t.m^cos rx^^mwi 32-3 
^ii-rn<^s^3 i~34^u— r.wr-^i 

i:lCj;03t^^3 1 a-3 4aS:Jg^$-ti:/cf^. 
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izm^s^ttLt. mr(^:>i^fth. mii^3 i-i s^mm. 
LfcWLm^<7)mmzXr>x . '£-^wm<^:>±mi&s%3 1 a 

[0019] *^]!fi£^J-C-(.j, P I-. O : 2 5 ^iWo . T i 
Oe : 1 0 ^ /P% , T e O: : i . 5 t 'I "...f :>Mf£S: i,^ 

$iX/^^vm XiH 1 5 0 f s . iJj^i L R1.)5?!C2 O 0 k H 
z , 0 - S m , ^'ItJtB 'J 1 ( I - 3 (.) Ill VV \)V X 

m7L4iOStff*{i. ^'L7-f io^^^/^.-c-fiO. Ul, > 
U 0.005 /J(-t ±V,' L fV?i L f^'HM 

T V > S C t ^J^iJ fz . itwi^ffS:' )^::-r t L "C i') ^f -f 
X{i. 1 0 mm X 1 mm 2 U tn in'C'^:) 
: 0 0 2 0 ] HtC , mfSi^jm--'::^^ 'rH y < h //:7 7s V, 
G e #5: F-r L ^ 'J tI^ ^/ . > iS$ta ^' V X . 

7f>'>itis;«r'^x. 7 vfi:^?5>y=/x. m\m^'yx. iiTifL 

t . 3 T > J' •■/ 1^' > £'.)[n](ci.fl(iIo: 
[002 1 ] mm3 : :^r6H4M^§§SjtX^ v-T-m- A: 

y'^'-mhnmzm^!^yjMx{mx%h., tii^ut, 

1 --4 4 SrfflKL . ^c?):^ *>i7)— 9ir)S«4 1 (::c7)A-r 

0 i7) 3 OOffifii 4 2 - 4 4 (C{i > i; ;!> 5 X£0 J: ( 

4 4* U— rSS|t-r -1. C i: (C J; ':)7t2S^K4 1 a - 4 4 
a^?E5fi!<;$-»i:;^jf^. 3t^^g«-?lt'-S-»«^4 1 --4 4 ^PA 



o-^*)-^^, gsv^ti, m^x^jm\.z9y^-t^'j\,z, 

^0:^c^$*:io— :3i7)^^4 S^Mffl-^^. S«4 5 
\t. i^')f)i}yx(r>^ otsi1imn'&.(r>'h^\Mjvxx:x' 

**f44 6 * XV y ^^■C'S*g4 5 (TJ-gP^mt:^ 0 

<S4 1-4 5^i^^L./ifStt6^i7)Mm:J;o-r, 
^^^3t^884 1 a~4 5 a35)^'^^(C»§ji^ill.. 
[0022] *IIJI^jT'{i, P b O : 2 0^ T i 
Oj : 5t/l'%, TeO, : 7 5 ^/U-%iOffllSsr iof- 

1 0 Q>%<ryijy7.^tmm(^'V^ti:nmt LTffifflL 

Ar l^-- fl)gO^:J'y-9-7r'f ru— 1f*'^5l® 
^fifz)^)\'X^ 1 5 0 f s . iKil L)ljSi*2 0 0 k H 
z, iSiRO. Sx«m, Tl^ai,t3l 0 — 5 0mWWNVl-X 

%%M<7m\fimt. 'T)VyAViiy7^X'\i.O . 0 1 , v- 
'J>:?^'^XT'{40 . 0 0 5/i'{t±#L/v:. -ftML/CTK* 

-^^•^^mm\.zKm^fzhzh. 'm!f<mc.\fk^ 
z Lx^^6^-^<7);^{z^<7)Bmtmm^ti^ i-y^iv^ 

-Xfi. 1 OmmX lmmX2 0mmT-ib-:>/w. 
[0023] Sin. ffi^*-'^^§x;l^7-f F;^'7X^. 
G e F -TLJt 'J illkijyX . 'J . 
ts-^W^ijyx, y-/\mijyx, ^im:ffyx. mt 
^ilvx, yyi/V^WF. ii}Vnyi'^Ym!r>i]y7~.\.z 

ix7^zh^m5,L.fz. mj. mm'^(r)>\^^^j:mAt\^ 

X. ■iiim-ti:i^'')tlijy7.\,zmi.X F-7°»£0:!'-^l^G e 
K-r> 'J f3%i]yx^y ■AmiJyX'm^imm^X 
h -> /c . *^l!fi5f?!)t1# hfd-zWS^im 3 T ^ 7 •/ 
F > (^ymzmWjiWfW^ L^v t *^/^^rffijt**»' 

[0 0 24] mm A : ^ij-i--^ -y 9X>i -y^^KOym 

a 

m^7:m^^x^/}->-^"/:?x.-( ■y^^mm.Lfz. mo 

fi. ^-i^^ yi^X^f y^SQCDyt^J^i^l, OP 
A (optical parametric amplifier) SrjHjiS L^v^iS-ft 
1. 30Mm<r)^^y->ryr^TU—i'^{100f 

s. 1 ooHz) ry-F^Pg tLxmmi. ytM5 

1 F:)tv<.'UX{C|5|fiJ$^i-/i^:^l . 3 2 Atm, 

.'xVlXHi 1 0 n s cO^mi^-- f 7tS:ra-7'3KPi i: 
LTtbWL;t. ro-r3tPi «4. A/2fe««5 2{c 
J; OiIf«fi^i'>ll7t:^|filS:>-'-F3tPj <7)mm\M-&<7)m 
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[0025] ^(r>%^m:ii. 5 ^- 5 4 J; "9 y- V 

3b^^T^aill5 8t=3i^i'Ll>. ^ffi^5 8lC{i. 3^ 
m^Ji^. 1 riGaAs-P I b^M^i— 

fx. ^aj^5S|LX-^t^V^. 7 /l-;? 5 7 tC# 

-:^'3ePs (7)jiia^Tfi*i^Toc sinMnsfiL 
-:)/::*t!)r*L. 01 Ot;;«*^^ixS J; 3 (clEL<3ti'-v 

h;?5r5>!.<5D;^7-.^li:n,B:«'M . SXlQ-i^ cm-' /W 

titct>->fz. tfz. y^y/^Z'ZWil^—^ff^'y- 
[0026] ^mmmx'lt. :m.cr>^^ y^y r^TU 

ztnzn^^tii^t^j:<. Am\y-^iy-h%p^ 
bLxmm^-^tizti>-^mx$}t, 4:^, tpmco^ 

flvL — -f (^:S1. 3 0/im, /NVP;'.gl On s , #il 

mi^i^-^t'ZXhra-y^Pi, ^m^^xi,. %i3-i^ 

z.ii^ AA-^y-t-i ¥^'yX (As4oS57Se3 , njB 
= 1. 3x10-13 cm2 /W) 5rfflt->. T^KiiOT 

ms^imifz. zcr,m^<^mifim^im, o. oix 

'■/ f-r {i , im^i\A cr>tz^<r>y- V ^J^V-iT' 1 0 
[0027] ^%1imX'm^fz%%'Ti^^XliP I N 

jvv7.\,znLxw%i^^'rh-m^tcmii.^mi>zii o , 



mtmmM&TX'hK) . -mmrjimi-^mi^izi 03tx 
^ ■y^y^*^^bTv^?,^i:;&qsi2$ixy^. s/^. 
'^■wm.'^^mziit\m\t, mw&9tmz^t^\t 
mmm^tix^^fz. immmx'mmLfzit:^-^^ •■/ 

^x>f >y^{i. -9-7f3Si:JlTo::^-f ■y^>-i?'At•-^' 
^to, ^(T^fz^^ fi-^T^lcl 0 0GHziiJl±i0^i«2r 
*^{t-5^ii^tl, 1 0 0 GH zl.il±c^^,il Ui^jS^^ i 

|g . ^07t)>£7)<K^.3g L3i:v WWX^iJ 1 0 0 G H z JiUi« 

<f\^xmz^mit-t h -7/i'f-7- p ^ i-'^^^titg^^ fii - 

[00 2S3 lfeSfeglJ5 :'7-y^^ ■ f-x > j^-gjfcX-f -y 
mum 2 Xim Lfz-:^ T@4 urn, miO mma)^m 

A ■y^T-{i, ^■fm'fco-mzxmLrzv-^^^w^ 
I), ^^^J^*IM{ci;0^iffli^7h*i-^i.^> 

:^l^3&^^f'^>iX^. ^HSfeMtli. OPA (optical para 
metric amplifier) ^Mi^l-tz'i&M:! . 3SjxmCr>^y 
y^y r ^ Th—f^ (lOOfs, 100Hz)Srffl 
V\ ^m^mWSXlil nGaAs-P I N7=}- 
^-Kar«?{tlili:LT^fflLf^. ytX^ -vi-y^mmco 
^^i^^ttzMl ll,Z^hti^X'j^Z^ ^^SO%Xh 

'^fziii:bytt^^<^.<7)^mm±^i^(zX'yxmM^^if 
tf^^^ixx^^^:iti}m^. ttz. mmm.^wi,z±^ 

^^m.m<Kc<. -3^i©JK^cO^St^^^ix^;{)-o/c. 
5gt=. ^«1. 5//m^T't|5l«'5r^m*^'t#4>fX, 

■y^y^^mi^<7:>mizy- hmmizxi, a r^cT^mm 

[0029] :*:|||fS^J<7)-7 -yJ^ ■ f-x y^-M3KX-< y 

b. '^^^j:U—^^^^V~^imitX'^^. fzbtii. 
:fj)Vay^^ V:ffyX (A s,o S^g S e2)SrfflVV V% 
ysV- 5 mWiOU— r^tT-^Sfr 5W4^<?!I2 bnU 

lzLx\mLfzm^mmf^-'3^^rz■7'y■>^ -^^yy 

-mty^^ -y^X-li. !£L^^j:]y-^^riv-ti'^5 owl:). 
Tlz^j:hZbtimtl^^iifz. 'Srfc. ^fjiiayi-^ Vffy 
X{±. ^i^^\°'7— 5 mWi7)b— r^t'B3Jif § tLf^^t: 
0.01 OSUf ^yr^Ltz. foSiIKtM LT t> , 
Te?!?-;^-^' y ^X>f -y ^Oi^h R«ic^^T'fc-5/;. 

"itmzi: h mm^m-^m^ ixtzmn^^nFi-'jtmnmz 
X h^^mm^mxh-^tz. 
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c 0 0 3 0 1 m^me -j^m^^m^^^ -y ^^cd 
mi 2iz^-rxoirZ2:^crmime 1 , 6 2S-+^tzifi 

Sfit^yT'tS. OP A (optical parametric amplifier) ^ 
mi^irzm^l. 3 2fxxn<r>'i-^y^^r-{rV-^% 
(lOOfs, lOOHz) arfflir\ 5tS^Jtfg^XJi 
I nGaAs-P I N 7 ^ h t!"- K Sr^Hifli: LT 

ftffl L « 01 3 <r)W^^\,z^ toi\hXo\,z. nmm 
mm^e iioaii+®c*5{t^aj.tiP, am^e 5%x'h 

5 5 %(C t -Ci^- L/vi « mz , ffi:frO*i6S8 6 2 

<7}mmzmh]i^f}Pz itmnssroTh-ytztK m 

[ 0 0 3 1 ] aJ:tlP: . P2 cry^iVi^^^X^ -y^y-f 
ti^j:ii^'yfz. m&l . 5um^X'(7)mmXi>mm^j:^^ 

x-( ^y^y^mi^<7)mszy-h^jinzxi> 

(As4oS58Se2)2:fflV\ T*^^s°y-5 mWCDU— tf 

Slar^^ii/C^i^TffilttJS-^tlSTtX^ v/^-Cii. 
^-f-'3K^<'7-Ai 1 5 0 wm::^!) c: i: *^5IfS$^l 
fz. KcH. ^tvadr-r^ Y:^'yx\t^ ^%yN°y— 5mW 

<7i\^-^%xm^^ixtzmi>zo . oKnmtfx^^it^^- 

Ltz. Camera LT^. it^tz-v'^-y^^X-f >y^i7) 

S!^* t J: h ^Mit'^mn'rfmz J: & ^immm 
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